Effectiveness of exercise in knee osteoarthritis: should we take a patient’s health status into account?  by Beckwée, D. et al.
Table 2
Elastic & aggregate moduli (MPa) of medial tibial plateau cartilage
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ciated with outcome in the total period (for WOMAC physical function
and pain). In addition, the different adherence variables were only
poorly correlated with each other.
Conclusions: Better outcome of exercise therapy, both during and after
the treatment period was associated with higher levels of adherence.
Physical therapists may need to encourage patients not only to attend
the sessions but also to consistently perform exercises at home, to
optimize treatment effects of exercise therapy.
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THE EFFECT OF LIPUS ON TIBIAL ARTICULAR CARTILAGE
BIOMECHANICS IN RABBIT MODEL OF OA
Z.S. Rezaeian y,z, G. Torkaman z, R. Ravanbod z, A. Esteki x,
A. Sabbaghian k. y Isfahan Univ. of Med. Sci., Isfahan, Iran, Republic of
Islamic; z Trabiat modares Univ., Tehran, Iran, Republic of Islamic;
x Shahid Beheshti Univ., Tehran, Iran, Republic of Islamic; kAkhtar Hosp.,
Tehran, Iran, Republic of Islamic
Purpose: Any articular motion results in different compressive and
shear loads on cartilage; cartilage is an avascular and anervous tissue
therefore, cartilage wear and tear proceeds regeneration and results in
cartilage degeneration phenomenon known as oseteoarthritis (OA).
The question is that can therapeutic pulsed ultrasound improve tibial
cartilage strength if LIPUS is applied according to guidelines for physi-
otherapy clinical practice? The importance of tibial articular cartilage is
that degenerative process in the knee joint is mor sever in load bearing
surfaces of tibial plateaues
Methods: Total of 15 male white skeletally mature Dutch rabbits
weighting 1.5 to 2 kg divided into 3 accurately matched group. The ACL
were cut in left knee and the rabbits were housed for 9 weeks after-
ward. On 9th week following surgery, the Control group was scariﬁed,
the LIPUS group received LIPUS every other day for 10 sessions
according to clinical guidelines for LIUPS application in rehabilitation of
OA patients and NonLIUPS group undergo no intervention for the same
period. Biomechanical test protocol was accurately adopted from a
previous study on experimental knee joint hemarthrosis[10]. the ex
vivo biphasic viscoelastic unconﬁned stress-relaxation test was per-
formed at the central point of the medial plateau of the tibia using a
100N load cell and impervious plane-ended indenter of 1.46 mm in
diameter (Zwick Universal Testing Machine; Zwick 2.5/ Roell GmbH &
Co., Ulm, Germany)[4,11,12].
To ensure perfect contact between cartilage and indenter, 0.01N preload
applied. The main test conducted applying 0.1 mm displacement at
constant rate of 0.5 mm/min. This strain sustained for 1000 seconds to
obtain equilibrium status of cartilage. Then another stress-strain test
was done up to maximum stress of 6 MPa [5-7]. All the data were
processed in MATLAB (R2009a; the Math-Works, Inc., Natick, MA, USA).
Maximal force asmaximal load in the requested displacement point (0.1
mm) and equilibrium force as recorded load after equilibrium status
(after 1000 s) were extracted from these data
Cartilage thickness measured after indentation test using needle
probing compression test with a 0.12 mm needle that compressed
cartilage at constant rate of 0.5 mm/min[10]. Reliability of the thickness
measurements was evaluated for the each sample by measuring
thickness in 2-3 points away from the indentation contact. During the
tests the sample was kept moist by spraying normal saline [11].
Using SPSS 17.0 (SPSS Inc., Chicago, IL, USA) Kruskal wallis test used
with alpha¼0.05. To determine which 2 groups are signiﬁcantly dif-
ferent Mann-Withney test was used.
Results: The animals’ weight at the start day of study was not sig-
niﬁcantly different showing the groups were similar in basic
characteristics.
The macroscopic & histological ﬁndings in control group conﬁrmed
successful induction of OA like changes in left knee of samples 9 weeksTable 1
Thickness (mm), maximal & equilibrium forces (MPa) of medial tibial plateau
cartilage
Group Thickness Maximal force Equilibrium force
Control 0.320.07 0.080.03 0.030.01
NounLIPUS 0.200.04* 0.080.01 0.040.002
LIPUS 0.250.03 0.100.01 0.040.02following ACLT. Following 10 sessions of LIPUS therapy, there was sig-
niﬁcantly more synovial ﬂuid inside the joint and the synovial mem-
brane was extremely hypertrophic. In addition, the histological sections
showed improvement in OA characteristics toward normal cartilage.
Cronbach’s alpha for thickness in each group was  0.7 that is a good
reliability. As shown in table 1, LIUPS prevented further deterioration of
cartilage thickness however no signiﬁcant differences were recorded in
either biomechanical parameters. Elastic Modulus in LIPUS group was
signiﬁcantly more than NounLIPUS group (p ¼ 0.043)
Conclusion: It seems that 10 sessions of LIPUS with the clinical char-
acteristics suggested for OA patients in clinical guidelines can effectively
save cartilage thickness from further deteriorations but it is not enough
for improving biomechanical characteristics of the articular cartilage.
Insigniﬁcant improvement of all biomechanical properties of articular
cartilage as presented in Table 1 and 2 can be of clinical value especially
with regard to maximal force and elastic modulus and can imply that
may be continuing suggested therapeutic procedure for further dura-
tion can improve functional properties of cartilage along with saving its
material volume. This can be because of facilitation of cellular repair due
to mechanical stress induced by ultrasound[1-3,8,9]
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EFFECTIVENESS OF EXERCISE IN KNEE OSTEOARTHRITIS: SHOULD
WE TAKE A PATIENT’S HEALTH STATUS INTO ACCOUNT?
D. Beckwee, N. Cloet, P. Vaes, I. Bautmans. Vrije Univ.it Brussel, Brussels,
Belgium
Purpose: Health status can be described as a combination of a per-
son’s medical history, medication intake, lifestyle and (co-) morbid-
ities. Exercise is the ﬁrst choice conservative treatment of
symptomatic knee osteoarthritis but little is known about its effec-
tiveness in relation to the patient’s health status. The aim of this pilot
study is to investigate the impact of health status of patients with
knee osteoarthritis on pain, adherence and drop-out rate in two 18
weeks during exercise programs.
Methods: Patients were allocated to an 18 weeks during strengthening
or walking program. Subjects were asked to train three times a week.
Eighteen training sessions were supervised by physiotherapists and
another 36 were done alone at home. Seven pain scores (at present,
max. & min. during last 24 h, max. & min. during last week, max. & min.
during last month) were obtained by a numeric rating scale before and
after the intervention period and after 1 week of training. Patients were
categorized into a three level classiﬁcation system according to their
health status at baseline: A (completely healthy), B (normal function
with stable non-cardiovascular disease or medication intake with car-
diovascular effects), C (cardiovascular disease (present or past) or
people with signs of active disease or people with exacerbation of
chronic disease at the start of the intervention period). Charlson
Comorbidity Scores (CCS) were calculated. Drop-out was registered and
adherence was measured as a percentage of the total foreseen sessions
for the total training period and for the training sessions that were
supervised by a physiotherapist.
Results: Eight (8) subjects were randomly assigned to the walking
group and nine (9) to the strengthening group. Frequencies for health
categories and CCS did not differ between both groups. Pain did not
worsen after 1 week of training and did signiﬁcantly decrease in both
groups after the intervention period. No between group differences
were found for any pain score. Drop-out rate was 1 for the strength-
ening group and 2 for the walking group but did not differ signiﬁcantly
between both groups. Adherence did not differ between groups. Health
status at baseline did not correlate with the pain evolution, adherence
or drop-out rate of both interventions.
Conclusions: Starting with an exercise program does not cause exac-
erbation of pain during the ﬁrst week of training. The health status of
people with symptomatic knee OA does not seem to inﬂuence the pain
evolution, adherence or drop-out rate of patients that join a walking or
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S460strengthening program. Thus, a patient’s health status should not be a
barrier for joining exercise programs. Further research is however
required due to the low sample size of our study.
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DEVELOPMENT OF COMORBIDITY-ADAPTED EXERCISE PROTOCOLS
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Purpose: The purpose of this study was to develop comorbidity-
adapted exercise protocols for patients with knee OA and comorbidity.
Method: Several steps were undertaken to develop comorbidity-
adapted protocols: selection of highly prevalent comorbidities in OA, a
literature search to identify restrictions and contraindications for
exercise therapy for the various comorbid diseases, consultation of
experts on each comorbid disease, and ﬁeld testing of the protocol in 11
patients with knee OA and comorbidity.
Results: Based on literature and expert opinion, comorbidity-adapted
protocols were developed for highly prevalent comorbidities in OA.
Field testing showed that the protocols provided guidance in clinical
decision making in both the diagnostic and the treatment phase.
Because of overlap, the number of exercise protocols could be reduced
to three: one for physiological adaptations (coronary disease, heart
failure, diabetes type 2, chronic obstructive pulmonary diseases, obe-
sity), one for behavioural adaptations (chronic a-speciﬁc pain, chronic
low back pain, depression), and one for environmental adaptations
(visual or hearing impairments). Evaluation of patient outcome after
treatment showed signiﬁcant (p < 0.05) and clinically relevant
improvements in activity limitations and pain.
Conclusion: Comorbidity-adapted exercise protocols for patients with
knee OA were developed, providing guidance in clinical reasoning with
regard to diagnostics and treatment. To evaluate the effectiveness of
treatment in line with our protocols, a randomized clinical trial should
be performed.
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A PILOT RANDOMIZED CONTROL TRIAL OF AEROBIC CYCLING
BEFORE TOTAL KNEE ARTHROPLASTY
M. Kennedy. Sport For Life Centre, Sport MB, Winnipeg, MB, Canada
Purpose: The main purpose of the study was to determine if a full trial
of an aerobic cycling program for pre TKA (total knee arthroplasty)
patients was feasible, by assessing recruitment, safety, ability to cycle,
program adherence and aerobic beneﬁt. Secondary objectives were to
estimate sample size for a future full trial and conduct an exploratory
assessment for change in outcome measures (pain, physical function,
quality of life) from pre to post intervention to post surgery.
Methods: The trial was a pilot study with a prospective, randomized
control design. In order to be eligible for the study, patients had tomeet
the following inclusion criteria: have a primary diagnosis of OA of the
knee and be on awaiting list for TKA in the Calgary Health Region, agree
to attend multiple ﬁtness assessments and a thrice per week, on-site
cycling program over 10 weeks before surgery. Patients that were
randomized to the exercise group enrolled in an aerobic cycling program
to attend three cycling sessions per week over 10 weeks before their
surgical date. Each of the cycling sessions was 30 minutes in duration,
with 5minutes used for awarm-up period at the start and 5minutes as a
cool-downperiod at the 25minutemark. Themiddle 20minuteswas an
aerobic exercise period where patients cycled at an intensity that could
improve cardiorespiratoryﬁtness (70-85% of their heart ratemaximum).
Results: A total of 21 pre TKA patients (12 exercise group, 9 control
group) were enrolled in the study. Therewere no statistically signiﬁcant
differences in the baseline demographics, baseline questionnaires or
VO2 max bike results, between the exercise and control groups.The percentage recruited was 8.3% (21/254). The ineligible patients (n¼
295), had a mean age of 67.8 (9.7) and 61% female. The mean age of
declined eligible patients (n¼ 233) was 64.7(8.4) and 54%were females.
Only 1/9 patients in the control groupwas unable to complete their post
intervention submaximal bike test due to knee pain. For patients in the
exercise group, therewere no adverse events due to the cycling sessions
that caused patients to cease cycling or seek medical attention.
Pacing in the cycling sessions was an initial problem in 3/12 exercise
group patients who needed the ﬁrst three to seven sessions to achieve
the required intensity of the exercise program. A total of 38/360 ses-
sions were missed amongst the 12 participants with an overall
attendance rate of 89%.
A paired t test demonstrated a statistically signiﬁcant improvement
in VO2 max for the exercise group from pre to post intervention.
There was no difference in mean V02 max between groups from pre
to post intervention (post mean VO2max, E:25.36.30, C:
23.911.06, p ¼ .754).
Repeated measures ANOVA revealed a signiﬁcant change in mean
WOMAC pain (F(2,31)¼10.26, p  .001) and physical function
(F(2,31)¼11.17, p  .001) scores and SF-36 pcs score (F(2,30)¼5.53, p
¼ .009) over time but no group effect. Further assessment revealed a
signiﬁcant improvement in these scores from pre surgery to three
months post TKA (WOMAC subscales, p  .001, SF-36, p ¼ .004).
Although the difference in mean WOMAC physical function
scores between the exercise and control group widened (by 7 points)
from pre to post intervention, this change was not statistically
signiﬁcant.
Conclusions: In this study, it was demonstrated that patients without
heart disease and younger than age 80, can safely undertake an aerobic
cycling program before TKA surgery. If severe knee OA patients can
tolerate aerobic cycling, then this mode of exercise has potential to
assist in reduction of weight and improvement of overall health and
well-being. Further exploration with a larger sample size, possibly in a
multi-centre trial, would be necessary to determine possible pain and




INCREASED NUMBER OF SUBJECTS WITH ELEVATED LEVELS OF
BLOOD GLUCOSE (HBA1C) AFTER PROLONGED GLUCOSAMINE
USAGE AMONG OVERWEIGHT AND OBESE WOMEN
J. Runhaar, J. Damen, M. van Middelkoop, S.M. Bierma-Zeinstra.
Erasmus Univ. Med. Ctr., Rotterdam, Netherlands
Purpose: In a recent systematic review, negative effects of prolonged
glucosamine usage on glucose metabolism were more likely among
subjects with impaired insulin resistance or glucose tolerance. Despite
this, glucosamine is recommended for the management of osteo-
arthritis (OA) in international guidelines and is freely available over the
counter. The objective of the present study was to evaluate the effect of
a 2.5 years placebo controlled intervention with oral crystalline glu-
cosamine sulphate on HbA1c levels in middle-aged women with a BMI
 27 kg/m2 and therefore already at increased risk for impaired glucose
tolerance.
Methods: Data from the ﬁrst preventive RCT in OA (the PROOF
study) were used. In total, 407 women between 50 and 60 years,
with a BMI  27 kg/m2, without clinical and radiographic knee OA
at baseline were randomized over oral crystalline glucosamine
sulphate and placebo. At baseline, 1 year, and 2.5 years, HbA1c level
was determined in all subjects. Using restricted maximum like-
lihood methods, the effect of glucosamine usage on HbA1c level
throughout the follow-up period was determined in all subjects.
Thereafter, analyses were rerun for subjects with and without ele-
vated HbA1c level ( 42 mmol/mol) at baseline. These analyses
were adjusted for possible covariates (age, BMI, physical activity
level at baseline and change over 30 months, change in waist cir-
cumference, and season of baseline measurement). Finally, the risk
of attaining an elevated level of HbA1c ( 42 mmol/mol) after 2.5
years was determined for the glucosamine group relative to the
placebo group, additionally adjusted for having an elevated level of
HbA1c at baseline.
Results: At baseline mean age of the 407 included women was 55.7 
3.2 years and mean BMI was 32.4  4.3 kg/m2. HbA1c levels were
